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Thermosetting Powder Compositions for Coatings 

5 an^:~ 

Jinking agent. • * a 3-hydroxyaIl^lamide group containing cross- 

10 therewith. """"gorcoatongsand to coatings obtaiaea 

Thermosetting powder eompoalnons are wen known m t*» « „ 
used as patnts and varnishes for eoattng the nJvtZTJT? ^ ^ 
these powder coatings are numerous^! «, ^ ^ tte «*■»<»»• of 

^are^^rrr^rrrpTerr^^ 

on the amcle, the escess powder ^ ta -J.T^T Substrate 

For these and otter reasons the d«L "^.recoverable end reusable. 

l*e. They genereny contan a Z.^ZZ ^T^' ^ 

eo. v^ons addtttvee used to adaptth^peT ^ a^eTT ^ 

^?-;r:ra^^r w ^--'— 
~~^~rror7nr:rt^ to,toa 

melaroine resins, and the like «OCyanates, 

heen descrtbed tn numerous pubU^one suck ^ZZZ^T 
cycloahphano dtcarbo^c a^ ^ * «^-"- - 

raosemng compositions giving paint and 
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vamish coatings possessing good properties, both as regards their appearance and as 
regards their mechanical properties such as impact resistance, flexibility, etc. 

Some of these polyesters and the powders derived from them often are used 
because of their remarkable weatherability characteristics. These polyesters mostly are 
derived from isophmalic acid, being the most important acid constituent among others 
and are commonly used with triglycidyl isocyanurate (TGIC) as the cross-linking 
agent. Yet. the coatings obtained from these powders, though proving outstanding 

weatherability. do not have any flexibility at all. 

Moreover. TGIC presents problems of health and security. Indeed, TGIC is 
relatively toxic (Rat OralLDSO of 0,4g/kg) and Is mutagenic according to the Ames 
Mutagenicity Test 

As a non toxic alternative to TGIC. p-hydrojgralkylamides p-(HAA) have been - 
used for the cross-lmking of powders containing carboxyl-bearing polyesters. But the 
use of p-(HAAD brings about new problems due to its high reactivity and to the fact 
that water is liberated during it's reaction with carboxyl groups. 

Powder paints comprising as a binder a carboxylic acid group containing 
polyester and a p-(HAA) group containing cross-Unking agent produce water upon 
curing, thus creating bubbles in the coating especially when relatively thick layers are 
applied. Gas bubbles remaining in the coating reduce the adherence and the 
protective effect of the coating. In order to reduce or even avoid these gas bubbles 
remaining in the coating, two solutions, being either reducing the melt viscosity of the 
powder, or slackening the reactivity 0 f the binder system can be envisaged. Yet, 
incorporation of considerable amounts of plastlcising constituents in the binder 
system often reduces outdoor durability of the cured paint. Besides, from literature It 
is known that the estermcation reaction of a resin acid group with a hydroxy! group of 
the IMHAA} group containing hardener neither can be accelerated nor can be slowed 
down, except from respectively increasing or decreasing the resin acid number along 
with the stoichiometric amount of the p-(HAA) group containing compound- 
Some solutions have been sought for resolving these problems appearing with 
the use of P-(HAA), and at the same time, for resolving the problems of laclt of 
flexibility of coatings made from powders containing isophthaiic-ricb. polyesters. 
EP 649890 claims powder coating compositions comprising a 3-lHAA) cross-linking 
agent and an acid functional polyester having an add number ranging from 15 
through 70 mg KOH/g which Is substantially based on dicarboxylic acid units 
containin g 80 to 100% mole of isophthalic acid, on gly cols cpntalnmg^tIeast-50%- 



mole of branched aliphatic glycols with at least 4 carbon atoms, at most 50% mole of a 
linear aliphatic diol with less than 4 carbon atoms and/or cycloaliphatic dlols. O to 
10% mole of a linear aliphatic diol with at least 4 carbon atoms and on monomers 



<? a j. <-"y-ungs ftavtng a poor surface aT>Dearanr*«> 

5 A yet sophisticated way to flexibilise th*r™^ „ PP ce " 

weatherable powder coating compositions derived ft™ , ft 

^ represents a techno c^n^oT P ^ 

during the formation of the coattns? th P i a *f «^ s reacuon 

25 reduced flexibuuy. & latter has a reduced solvent stance and a 

In conclusion it can be seen that 

along with flexibility is required and * * « weatherability 

^ reqmrea, and which do not make use of toxic cro^iirOH^ 

nrmi „ a Z m ° Setfc,ng compositions capable of producing coating 

!T IT?^ S ° UP COatatoto « ^ao-Phoua isophthahe acid/linear chain 

avatar P<*««- to combination with a eXdro^CanT^ 

containing cross-Union. <,„_<. ^ ■W°«»yaBiylanilde group 

properties at a film thickness of up to about 200 pm for a curing time of fronr^ 

EnpfaiiJsieit 20, llSrt .14:22 • ''" >" " 



pcabiy 0Ilstaattd ^ votoffle . ^<^*-»*t°ut any defects 

3 un^^^T" netthe " s ^ °f »y ^erlmental evidence proving „ 

^ea^nor of the uneven eflectofsaidfesms " £ 

Thus, accordtagtothep^t^on. ta,,.^^' 
the™^^ fcr coatdgs. characterised m ^ aey JL IT 

number of from 12 to 34mgKOH/gand prepared from a polyacid constituent 
of^tar aUpnane. cycloaliphauc oraromaite md p£jyo , 
iri^r 15 to of one or more Unear chin 

3^2e of" 1 35 to 8?% ^ " *** *» 0 to 

0 to 5% mole of a polyol wth 3 or more hydros groups 
b) ™hntog agent ha^ at least t^hydro^amtfe groups. 

KovJTjT f mdftat ^^-=°°Plnn« ra0re than80 % mole^ 

01^ , ^ ^ 10 " "* "< 65 % — «""— *atos aiiphaue C4- 

ClOdlol. along with the other constituents of the ooh,.«„ , „ ""Paanc C4- 
25 «fcen crossing wtthjnHAA). <* <»ep°lyester. alreadyglve good coatings 

Preferably, the amount of lsophthalic acid is from 85 to 100% mole on an the 

T-s m rZ T"- °* chamXh^ctde 

diolis of from 15to65%moleona1it> 1( s««wie. < ^ . p c ^ 4 " C16 

hydro^* „ not ^ SXJ r^?*?'- NeOPenW *"* 

03 P oj yo< accordaog to the present invention. 

charac^^ f ~ ™° US ^ - - ^ te 

- an acid number from 12 to 34 mg KOH/g 

3300 to 7500 as measured by gel permeation chromatography (CPO 

- -^^on^PerntnreTgfrom ^,,^^^ ^^^^^ 

with a heating gradient of 20=C per minute «nMD3418 

I. 



EmP f anssze i t 20. MSrz 14:22 



20 



25 



30 



35 



- an Id ( cone /p , ate , vfceosUy accord^ to ^ ^ ^..^ 

ranging from S to 15000 idP»j "faaaizooc 

> of another polyacid constituent selected f™™ « mole 

ixauwenc selected from one or more aliphatic cvcloan^«t,-^ 
aromatic polyaclds, such as fumori^ ^ cycioaliphauc or 

cyclohexanedicarboxyBc acid, succinic add , ' 

1 DVTomellitie arid a*o ^ «. ^ aaa « ™neIUtic acid or 

pyroraewuc and, etc., or the corresponding anhydrides 

hexadecandiol, used in a mixture or alone Th* *■ , li 16 ' 

glycol constituent also comprises 0 to S% mot*. , P ^ 7116 

„ , , , wwramg Com 85 to 100% mole of lsophthalic add from 

O to W mole of te^pm^c acW d/or .^.^ 

^l.prererablyl.a-he^edioLfrnaaStos^ * C4-C16 

ao.to.o.e^^^rtorr^r^^ 0 ' 0 

a deeded ^^^2T2* " * 
_ , ^ ^'"^^fWra^aiKl a vaco«ni connection tube is used. 
The estaflcatton condmons jsed to ptepa™ me polyesters m convent 
etaldaxd esters* «U such as dlbu W to> mdde. dmu^T^' 

uxyi manate can be used in an amount from O.Q5 to 1.50% by 
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I . e 

~Wrt of the ««, and opaonaj. col™ for 

andante such as Irsano* 101 0 ^ „ pbospboatte . ^ J^J^ 

weight of the reactants. ' ^ 

3 Po*esterulcauon <s general c^ at a 

-noised trora to ahout 19 0 *« under norma, pressun^eHL 

necessar,. uuder reduced pressure a ^ „ ^ ^ £ 

10 ^ -nber- ^ dtUee of estertocauon » foho-ed by deters 

oTuZT*? Conned to tte coLrse of ihs ^aenon and the prep^esTthT 

The carboxyl gruup contatotog Loorphous polyester, a, d*^ abwe „ 
~ Potion ofpo.dcr cW compose for use as paJnt or clear 

.east rtTalT 1053 ' 3 "^ 46 reoss - ,lals *8 - those ^hlch contain at 
■=st «™> b.sOH.yuroay^anude « 

as NJ».N-.N--tenakls-t2-hvdrcBtvethvll »,«.«,_.* , ""uiaoie, sucn 

20 H, SS2 „,,,<„ „,». !,. Oydrol<y,!th y 1) f a *p™'<le. too™ under the tradename Frimld 

the weratuxe. for example those memU* In the patents US-A-472711 1 us* 

* The M.ydro^alM.Wde groupLtataing crosa-luudng ageu, de^bed hereto 

SZ^T*"™™*™ 0 ^ l -«~VhoTor to ..OSe^Z 

» the JT ^ to ^ raSea0a! C °4» K ° ts — >~> composntone adthin 

» ! X P^tinvennon aJatoinctad. uo-con^ agent, such as 

S T ^^^4 n the phosphorate or phosphite gpe can he 



Both, pigmented systems as wed as dear lacquers can be prepared. 
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£ china day. ba^ ^ Wlles . Ldblues. orgaxuc re,, ^ ^ 

*. M ' n ". COmPMKnto ~"*4°» accordu* «o .he mvenaon ,nay be mised by 

K^-Koaeter or a double screw *U.er*uch as the prism or apv. The 

*- t « to » pa, The powdered c^n may be depend on the sunSSV 
use of a powder gu„ each as an ecstatic CORONA gunorTRIBogun. Onthe 
other hand, well-known methods of jrowder deposition such as the Ouldised bed 
^^^^^^d^^thepowd*,.,^^.^^ . 
he^t MOandssox. oausingtteUcesu, flow and fuse together to ft™, 
smood, urufcrn, continuous, nncratLd cca«ng on the subs*ate snrfcce. 

^ & "^^P^aresuh^fo rab « teruoaer 3 tandln 
without being restricted thereto. ' uoa 

Sample 1 

AmbCure of 33s . s of ^ ^ ^e.^,^ 

«-J part, of ntoe^Mpropsne Is plaid in * reactor as fcr e Un4 

IToT"I T" 0 ' 120 5 ^«*^*!* -* of tsophthaue acid 

and 2.S parts of n-butylantrloctoate sL added. The reaction Is continued at 

^JZTTT PreSSU " a T' 95,6 ° f "» Uworca - — — °f starts 
dolled and a transparent hydros fLeHonalisen prepofcmerwfth foHowins 
characteristics is obtained; | -. * iWllowin S 

9 mg KOH/g 
5S mg KOH/g 
Ming at 200°C, 1 lo.9 parts of IsophtliaUc acid . 

lually heated to 230°CJ After a 2 hours 
mixture is transparent 0,9 parts of 
jmm of 50 mm Hg is gradually applied. After 3 
[ng characteristics are obtained: 



AN 
OHN 
To the 

are added. Thereupon, the mixture 
period at 230°C and when the 
tributylphosphite are added and 
hours at 230°C and 50 nun Hg. 



AN 
OHN 

ICPoo-c (cone/plate) 
Tg (DSC. 20°/min) 
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33mgKOH/g 
4 mg KOH/g 
2500 mPa.s 
57°C 



Adopting the procedure of E,4 p)e ,. ^ ,„ m ^ ^ _ 
examples, accon^ ^ present fc , _ ^ ^ ^ ^ 

"T;"^"" 85 - "» . are g^ n to ^ , 

lable 1 




* Mid. table the dlSerent corip.Wu, fer ^ prepa[aaxm „ me 
accord^ to <he present -.ennon ^th. chame**^ of tte p ^ Mte . ^ 
designated by the following abbreviitLa: ' ' 

I ' I li 



NPG 
EQ 
HD 
iPA 
.AN 
OHN 

ICI viscosity 
Tg 



neopentyl 

ethylene glycol 
' I-' 1 

1,6-hexanedioli,' 

isophtbattc&cffi 

acid number; %g KOH/g 

hydroxyl number, mgCKOH/g 

cone/plate jris^jsltjr, measured at 200 0 C 

glass transiliio^ temperature (DSC, 20°c/minute) 



Example S : . 

to orZ'm " H[* to - aceorttag* 

to one of the formulations as mentionSd below 



Formulation A 
White paint formulation 



Binder _ 69.06 

Kronos 2310 29.60 
Resiflow PV5 0.99 



' Benzoin 



0.35 



1 ; Formulation B 
j ffiown paint formulatjon 
78.33 
4.44 
ISUBO. 



Buj&er 

mi . i 

Bajferrox.130 
B ajferro x 395Q 



CajEBon Black FW2 
Resiflow PV 5 
rOin 




1.09 
0.99 
0.35 
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10 



IS 



20 
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then POWdCrS PrCPared H£ diy blendln S ^ the different components and 

^^idWarf 310 ^^^!^ 011 ^ m ^ ! ^ in ^ a PRISM 16 mm L/D IS/ l twin scnW 

85 °- ^ mix is then cooled 

^ in T ^ SubS ^#^ P0WderiS — ^ obtain a paru^e 

^1 1 «> ^ pow^us obtained ts deposited on cold 

with a thickness of 0.8 mm, bv electfosmtin -« _ 

pco , B _ 7 ^ff^^ using the GEMA. - Volstatic 

PCG 1 spiaygim. At a film thicknessV about so ITm ,v, 

•<n ■ 80 »™ toe panels are transferred to an 
afr-ventilated oven, where curing profieds for is mfm « «. to 311 

„ . . , ,™IT| 05 ,5 15 mmutesa t a temperature of 200»C 

ft™ 1 hMmANrf3 ° 764, „ p^ rf MPen,yl 

.sophthalcacd a^of neop^^S^ [i>a8 ^J^^ * 

In this table: "jjj'j ! . 

Coluxnxx l : indicates the identlficakl'nuuier of the formation 
Column 2 : indicates the type of fon^Sation 

A = white(RAL90ip)'|h ! , 

B = medium browxi (K^o 14) 

Column 3 : indicates the tame and ml! JL*+^ \ +u 

We and Wfxtit^ of the polyester resin used in the 
formulation t ;jl j . ; 

Column 4 : indicates the fern* a nH .^fru^ 1 : * * , 

ates the type and-qdantty of 3-hydro^aIkylamide cross-linker : 

XL552 = Frimid X^2 CEte) =, N.N.N-.N.-tetra^-hydrwethyl)- 
adipamiciy,.-! 



Column 5 : . indicates the 60< gloss^sure* according to A 
Columns: indicates the dfcsct in$| streLgtti according to 
highest impact which dtlfs not .track the coating 



ASTM D523 
ASTM D2794. The 



highest -pact which ($1 not, track the coating is recorded in kg cm 
Column 7: indicates the reverse im&Lt ^iL^u ^ * 

strength according to ASTM D2704. The 

^ e ^*Pact which 
Columns: ^^Ij^^ ^ 
mghest penetration wh^ does not crack the coating is recorded m mm. 
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standard ontdoorpoatfej ^^f* — W-M. to nowadays 

compared ^ * * f ™> 



10 



mc dlbris used 



15 



20 



Moreover it has b*x*n t-.,-™™_ JLw! 

Pinhole or other defect ' m |l 0Ut!!t ^ nwmdwft »«t S h tw! ng aoy 
Poireaer based powder. "|f ^™^^«»-^«-««« 



In table 3. the relative 60" dollSfeiuM L»«, 4 , 

ooa U n.o^rr n ^Tsrr 5 rz^ res,dtsfor,he 

SB • from commercial resins. 
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In this table only gloss reducf <|s until 50% of the maximum vahie are 

m _ e "!°l e< !: Weathering mea ^ m f conducted m a very severe environment, 

gstei- ,(Q-Paael Co) according to ASTM G53-S8 

" -im Xd exposure apparatus - fluorescent 
UV/condensation type- for exposuWf ndn metamcmaterlalsj. • 

For this table, coated panels ||e beeri subjected to the intermittent effects of 

|f as jhe damaging effects of sunlight simulated 
fr W/mVnm) (8 hour s at 60°C). For this 



condensation (4 hours at 50°C) as 
by fluorescent UV-A lamps (340 — t ..- r 

type of lamps a good correlation «JjLii^ sunlight Is observedrcon^ryrflTe "uv. 
B 313 nm lamps, where unwanted |r|Uatural chemical reactions are induced, as 
described in "Analysis of Test MdfaW'fer juy Durability Predictions of Polymer 
Coatings" from Courtaulds Coatir^rid. ^presented during the XX* International 

anti Technology (Athens, Greece, 07/94} or 

rf|; °? 6 frQm Q-Fanel or by M. Fatel. JOCCA 3 

tKU. 1 



Conference in Organic Coatings /Sr^ 
as described in the Technical Bull 
104, (1991). 

The panels used in the Q-UV 



ychromated aluminium ones. 
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example 15 
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•As dearly appears from table S 
present invention containing as a 
polyester according to the present j 
linking agent, prove upon applicati 
such as a good flexibility, outs 



jand 3, powder compositions according to the 
jer a combination of the carboayi functional 
jption.along with a e-nydroxyalfcyiamide cross- 
ciirmg an unique combination of properties 
^flow aiid gloss and a remarkabJe weatherabMty. 



i ii 



•i 



1 1- • 



i 1 



'! 1 
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1. Powdered thermosetting compo 
consist of: 

a) a carboaylic add group co: 
number of from 12 to 34 
comprising from 85 to 100^ 
of another aliphatic, cycto 

. constituent comprising 
aliphatic C4- C 16 diol, fro! 
30% mole of another linear 

. 0 to 5% mole of a polyol wi 

b) a cross-linking agent havi 

2. Powdered thermosetting compc| 
acid group containing polyestei 

- a number averaged molecui 
from 3300 to 7500 as meag 
a glass transition tempera 
70°c as measured by differ* 
ASTM D34I8 with a hea 

- an ICI (cone/plate) viscosi 
ranging from 5 to 15000 

3. Powdered thermosetting comp< 
that the 0 to 15% mole of the 
than isophthalic acid is selecte! 
terephthalic acid t l,4-cycloh( 
acid, 1,2 -cyclohexanedicarbi 
pimelic acid, suberic acid, 
trimellitic acid or pyromellitic 



M 1 

i i 



i.i,. 

nsforjjeoaangs, characterised in that they 



'gjfniorphous polyester having an acid 
W$ Jnd prepared from a polyacid constituent 
>le ojr|sophthali C acid and from 0 to 15% mole 
ittcftt| aromatic polyacid, and of a polyol 
p to 65j% mole of one or more linear chain 
| 5 tq .,?'^ % mole of neopentyl glycol, from 0 to 
%a agnatic and/or cycloaliphatic diol and from 

fcydroxyl groups, 
leastfcwo P-hydrcesyalltylamide groups. 

.'. '\(\ 

?ns ^cording to claim 1 wherein the carboxyHc 

characterised by 
^eigh^iranging from 2500 to 8600, preferably . 
*f ^ {rff 1 P 61 ™ 3 * 1011 chromatography (GFQ 
rgfttei 40 to 80"C and preferably from 56 to 
1 scd|ning calorimetry (DSC) according to 
idlebf Jof 20°C per minute 

to ASTM D4287, measured at 200-C"" 



Ml 



4. Powdered thermosetting compel 
that the 15 to 65% mole of linelj 
35 1.4-butanedioi. 1.5-pentanedic 

l.y-nonanedlol, 1,10-decanedic 
hexadecandiol, used in a : 
. linear chain aliphatic and/or 
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nil 

''if! 

r ! S 

H * If ° Tding to < ^ dma 1 ° r 2 ' cha ^cterised in 
ttiecircloaliphatic or aromatic potyaclds, other 

m [ W 8 * 10 acid ' 11131610 ^ P«thalic acid. 
[car|^i C acid, 1.3-cydohe^edlcarboxyiic 
^succinic acid, adipic add, glutarlc acid, 
:id |f| bacic acid, 1.12-dodecanedioic acid, 
ito.:,;ior the corresponding anhydrides. 

I' 4 

ghs ; a|ceordingto claims l to 3, characterised in 
iaiiri|biphatic C4-C16 diols are selected from. 
'i-hex anediol, 1,7-heptanedlol, 1,8-octanedlol. 

1 4-tetradecandiol, 1.16- 
30% mole of the other 
: diol is selected from ethylene glycol, 



^12-djddeeanediol. 1.14- 
f aior^e. in that the 0 to 



10 



propylene glycol. l,4-cycloh« 
Bisphenol A, and in that the O 
groups is selected from trimei 
used in a mixture or alone. 

5. Powdered thermosetting comp 
characterised in that the carl 
composed of a polyacid consti 
isophthalic acid and from 0 to: 
cyclohexanedicarboxylic acid 
65% mole of linear chain alipK| 
to 85% mole of neopentyl glj 
0 to 5% mole of trfmethylolprJI 



Uol, !l,4-qyclohexanedimethanol, hydrogenated 
|% mble of the polyol havixxg 3 or more faydroxyl 
tfbpjane, ditrimethylolpropane, pentaerythrytol, 



>ns;2tccording to any of claims 1 to 4 
>Pf> &° n V containing polyester (a) is 
comprising from 85 to XOO% mole of 
1 njioie'of terephthalic acid and /or 1.4- 
pf a. ^ofyol constituent comprising from IS to 
JC4-C16 diol, preferably 1.6-hexanedioL from 35 
|om d to 30% mole of ethylene glycol and from 



15 6. 



20 



25 



Powdered thermosetting comp. 
characterised in that they o 
containing amorphous polyesl 
cross-Unking agent b). 



7. Powdered thermosetting comp 1 
characterised in that they 
and/or hindered amine light 
usual additives. 

6. Process for coating an article, 
compositions according to 
friction charging gun. or in a 
is heated at a temperature of 



1 1 

onp according to any of claims 1 to 5, ; 
|e 92jto 98 weight % of the carboxylic acid group 
and 2 to 8% weight of the 3-hydroxyalkylaxnide 



1 • 

on|3; according to any of claims 1 to 6. 
comprise from 0 to 10% of UV light absorbers 
itrs, relative to the entire composition, and the 



iterlsed In that powdered thermosetting 
n | to 7 is applied by an electrostatic or 
t bed, and in that the coating thus obtained 
to 250°C. 



30 9. Entirety or partlanysubstrateliLcj^ 
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Abstract 

The present invention relal 
a mixture of an isophthalic add ri 
linear chain aliphatic diols, along 
linking agent. J 

The invention also relates toj 
powdered paints and varnishes foi 
therewith. 



lennosetting powder compositions comprising 
p*rhoxyl fiinctionaiised polyester, containing 
a (^jhydroxyalkylarnide group containing cross- 

i 

| use said com Positions for the preparation of 
i making of coatings and to coatings obtained 
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